This paper presents the effect of Post Weld Heat Treatment (PWHT), pulsed current welding, hybrid welding and vibratory assisted welding in the weld quality, residual stresses and mechanical properties of welded joints. At last, vibratory assisted welding has been suggested to enhance the mechanical properties of welded joints by overcoming the drawbacks in the above stated techniques. Past results showed that the welded test specimens under vibratory conditions exhibited improvements in mechanical properties than the arc welding without vibrations. Finally, some literature gaps are clearly identified and these gaps could help the future generation researchers to do work in the new direction.
Introduction
Welding provides a permanent joint but it affects the metallurgy of the components. During the welding process, due to the intense heat input, the regions near the weld undergo severe thermal cycles, thereby generating inhomogeneous plastic deformation in the weldment. Due to this, strength of the weld joint is reduced. To overcome this, different methods are used to improve the mechanical properties of welded joints. These methods including post weld heat treatment, pulsed current, hybrid welding, vibratory assisted welding are described and reviewed in this paper. After reviewing the available literature for each welding technique, it was concluded that the recently developed vibratory assisted welding has some advantages and benefit which can eliminate the shortcomings of the previous and conventional fusion welding methods. 214 Post Weld Heat Treatment is one type of heat treatment process applied to welded joints after completion of the welding process to improve mechanical properties and reduce the brittle fracture of welded joints by changing the metallurgical structure. But, PWHT requires special tools and consumes more time to complete the process. A number of researchers have studied the effect of PWHT on mechanical properties and microstructure of joints (including tensile strength, impact strength and hardness) made of different materials such as AA2219 aluminium, AA6661, Cr-MoBoiler Steel, pressure vessel steel, 2205 duplex stainless steel, stainless maraging steel, and manufactured by different fusion welding methods such as Gas Metal Arc welded (GMAW), laser welded , polarity TIG welded (Ding et al., 2014; Smith et al., 1997; Ibrahim et al., 2013; An et al., 2012; Zhu et al., 2015; Badji et al., 2004; Gomes et al., 2013; Ahmad et al., 2011; Ahmed et al., 2015) . For example, Ding et al. (2014) used PWHT method to the TIG weldedAA2219 aluminium alloy joints with the solution treatment for 30 min at temperature 535 0 C, followed by water quenching and artificial aging for 12 hours at temperature 175 0 C to improve the properties of the welded joints. Significant improvement in impact toughness of a multi pass submerged arc welded joint was reported by Smith et al. (1997) when the PWHT technique was applied for a period of 40 hours at 620 0 C.
As another welding technique, pulsed current welding is the process of pulsing the current during welding process. This is developed for controlling metal transfer at low mean current levels by imposing short duration high current pulses to improve the mechanical properties of weldments. In this regard, several papers have been published to investigate the influence of this method on hardness, tensile strength, residual stress field and ductility of different materials including titanium matrix composites, aluminium 6061-T6 alloy, DP980 steel, C-276 alloy, SS304 steel, AA6082-T6 Aluminium alloy (Mao et al., 2014; Raveendra & Kumar, 2013; Aliha & Gharebaghi, 2017; Sawanishi et al., 2014; Balasubramanian et al., 2008; Manikandan et al., 2014; Ravindra et al., 2013; Ravikumar et al., 2014) . In the aforementioned researches, some techniques including conventional GTAW method, Pulsed Current Gas Tungsten Arc Welding (PCGTAW), continuous current GTAW and continuous current GMAW have been investigated and compared together. As an example, Manikandan et al. (2014) experimentally showed that the tensile strength of welded joints is increased when using pulsed current welding technique compared to the non-pulsed current welding.
Hybrid welding is another way of improving the mechanical properties of weldments. It is a type of welding process that combines the principles of one type of welding to another type of welding to enhance the properties of weldments. There are mainly three types of hybrid welding processes depending on the arc used. Those are TIG-laser welding, plasma arc-laser welding and MIG augmented-laser welding. But, MIG-laser hybrid welding has been entered into industrial applications, even though firstly, research was on TIG-augmented laser welding, when compared to MIG-laser welding. For example, Li et al. (2013) found that shear strength of T-joints was improved to 90% of base metal in hybrid welding of laser-gas tungsten arc welding (GTAW), when compared to joints produced with only laser welding or only gas tungsten arc welding (GTAW). Dai et al. (2015) found that the Gas Tungsten arc Welding (GTAW) -assisted hybrid ultrasonic seam welding for direct joining of 1 mm thick Mg AZ31B and A16061alloy sheets was successfully welded for improving the tensile shear strength of joint. Shibata et al. (2006) also investigated the tensile strength of laser-MIG hybrid welded joint with and without filler wire. Based on Leo et al. (2015) by decreasing the welding voltage and current, in this welding technique, the corresponding tensile strength and micro-hardness values are increased. However, any of the aforementioned welding methods have own shortcomings and drawbacks which more details about them can be found in Ramakrishna et al. (2016) . In the next section, the benefits of using another welding technique called vibratory assisted welding for increasing the integrity and reliability of weldments is reviewed.
Vibratory Assisted Welding
Normal welding operation has so many defects like undercuts, slag inclusions, spatter, surface porosity, and lack of fusion. The major weld defects are due to the residual stresses produced during the welding process and this leads to the reduction in the weld quality. To avoid the weld defects and improve the quality of weldments, vibratory assisted welding is introduced recently. Fig. 1 shows the experimental set up used for VAW process. A comprehensive literature review in this regard is presented here.
Fig. 1.
Fixture and setup used for vibratory assisted welding ) Xu et al. (2007 studied the effects of vibratory weld conditioning (VWC) on the residual stress and distortion in multi-pass girth-butt welded pipes through comparison between VWC and normal submerged arc welding. Their results showed that VWC can reduce the residual circumferential stresses at the outer surface and the distortion in radial direction. Rao et al. (2007) examined the cyclic stress and strain of type 304L stainless steel welded specimens and presented the cyclic creep mechanism during VSR (vibratory stress relief) of 304L. A mathematic model of residual stress relaxation is proposed which was conducted against dynamic stress. Their model is applied to evaluate the effectiveness of vibratory stress relief during manufacturing HT-7U Tokamak welded structure. Lu et al. (2008) studied the effect of VWC on the welded joint properties. Cylinders having different thicknesses were welded by submerged arc welding (SAW). Their experiment results shown that the vibration applied during welding generally reduces the residual deformation and stress. Qinghua et al. (2007) found the effect of vibrations given during submerged arc multi-pass welding for improving the quality of fully weld valve. Cylinders having different thickness were tested. The residual deformation and stress due to each pass of welding have reduced in vibratory weld conditioning (VWC). The results indicated that effects of vibration on impact property mechanics is complex. Sun et al. (2004a) carried out experiments on Vibratory stress relieving of D6AC and D406A welding steel plates. There is decrement in macro-residual stress up to 25 MPa, which is the same value as can be achieved by hot stress relief. Jia et al. (2014) studied the textures and crystallographic orientations beneath the treatment area in AA 6061 aluminium alloy after vibratory stress relief (VSR) process by combining the electron backscatter diffraction analysis of the disoriented low-or high-angle boundaries, the (inverse) pole figures, the line scans and the various orientations of grains. The effect of relaxation is due to compressive residual stress in the intermediate region to that of tensile residual stress on both sides of the cantilever by means of X-ray diffraction. Sun et al. (2004b) introduced the vibratory stress relief to the bar steel that was shaped into marine shafting. The tensile strengths of the steel bars were measured before and after vibration. While the steel bar was vibrating, vibratory stresses were measured at six different locations of axial surface with dynamic strain gauge. The macro residual stress was measured with X-ray stress meter before and after vibration, the macro residual stress decreased notably by 48%. The tensile strength slightly changed. Xin et al. (2008) studied that the vibrations given during welding reduces the residual deformation and stress. The yield strength, as well as the tensile strength, does not change distinctively in vibratory SAW (V-SAW) when compared with that in normal SAW (N-SAW). The bend property has been improved in V-SAW. Fracture test was carried out using single edge notch bend (SENB) specimens. The fracture surfaces of failed weld metal (WM) specimens were observed by dimple-like 216 structures. The depth and the density of these dimples are increased after the vibration given in welding. Marking of river, the characteristic of cleavage fracture was observed in the heat-affected zone (HAZ) of specimens. Lu et al. (2007a,b) studied on vibratory stress relieving (VSR) was applied to largedimensional pipes with straight and bending formation. The results indicate that VSR has positive effect on as-cast structure such as the weld beam, but has unfavourable influence on structure with cold plastic forming. The average value of the residual stress in the weld beam was reduced significantly after VSR, while the stress in the bending line is increased. The difference between the pipe end and the pipe centre in residual stress is evident. Kuo et al. (2007) investigated the use of vibrations to decrease the residual stress arised from the welding process. The existing methods for relieving residual stress from welds are: mechanical, beat and electromagnetic. The mechanical method may be performed by hammering or vibration. The heat method consists of heating the whole welded piece or each weld, one by one. The electromagnetic method uses the electromagnetic hammer technique. In the beat treatment the part is heated until the yield point is reduced to less than the residual stress, which would affect the local plastic distortion, decrease of the residual stress intensity and reduction of hardness. Rao et al. (2007) performed Gas tungsten arc welding (GTAW) on AISI 304 stainless steel; vibrations were induced by an eccentric motor. The vibration weld shows a very small ferrite structure, uniform composition distribution, low residual stress and low ferrite content relative to the weld without vibration. The results illustrate that the vibration reduces the micro super cooling and improves the nucleation of ferrite to form a grain refined structure. Vibrations were induced to cause stacking faults. These are identified as the major cause of the line broadening of X-ray diffraction profile. Xu et al. (2006) studied on effects of vibratory weld conditioning (VWC) on the residual stresses and transverse contraction distortions compared with normal welding in submerged arc multi pass welding. The results showed that VWC could reduce the residual stresses greatly and make the distribution of residual stresses uniform. Moreover, VWC could also decrease transverse contraction distortions greatly. Teng et al. (2006) studied on vibratory submerged arc welding which was a new welding process to improve welding quality by giving vibrations to plates. The test of thick plate welding using vibratory welding of valve in west-to-east gas pipeline was introduced, and then normal welding was compared with vibratory submerged arc welding in residual stress, distortion and microstructures. The results of test showed that vibratory submerged arc welding can reduce residual stress and distortion notably and make the grains fine and improve the properties of welded joint. Firstly, electro-slag weld was done in the two kinds of vibration condition: 0.3g and 0.6g. Then, the distribution of welding residual stress was measured with blind hole-drilling method. Results show vibratory weld conditioning can relief welding residual stress greatly and max is less than 1/2s. From metallography, vibratory weld conditioning can refine the grain effectively. Yang et al. (2005) developed a finite element model to simulate the vibratory stress relief after welding. Both resonant and non-resonant vibrations can relieve residual stresses in welded structures by creating plastic deformation around the weld area. For the non-resonant vibration, the stress reduction strongly depends on the vibration amplitude. For the resonant vibration, the vibration frequency is the key for stress relief. The vibration frequency should be close to the structure natural frequency for the desired vibration mode. Only small vibration amplitude is needed, which will be amplified during vibration. Vibration time does not have a major impact on the vibration stress relief. The larger the amplitude that the vibratory stress relief has, the better the treatment. Rao et al. (2005) studied on the process of vibratory stress relief (VSR) to reduce the residual stress after welding of stainless steel plate. The effectiveness of the process is evaluated according to the JB/T5926-91 (Chinese) VSR standard. The residual stresses before and after VSR on the weld bead of the plate are measured to show the reduction and redistribution of stress. The results quantitatively show the effectiveness of the VSR process and prove that the process is a practicable alterative to heat treatment for reduction of residual stress. studied on vibratory stress relieving of D6AC and D406A welding plate. The welding plates were tempered at 310 °C, to decrease the macro-residual stress to a lower value, and to kill of the micro-residual stress peak value. The vibratory stress relief of D6AC and D406A welding steel plates was carried out under the lower macro-residual stress state. Results showed that the macroresidual stresses in the welded steel plates of D6AC and D406A were decreased to Zero-stress point and the vibratory stress relief can replace the hot stress relief. Dryga (2002) studied on operation of end bracket of large power equipment. High reliability and quality of the bracket should be considered. After cutting the billets, welding, and mechanical treatment, parts of the end brackets should be processed with the use of vibratory stabilizing treatment in order to reduce residual stresses and provide stable sizes of the parts. The parts are manufactured from steel of St.3 grade. Investigations of residual stresses in the parts have been performed. Results of the investigations have been presented. They confirm high efficiency of vibratory stabilizing treatment. Munsi et al. (2001a) studied on how vibratory stress was applied to mild steel specimens during welding and observing its influence on the residual stress, microstructure and hardness of the material. Residual stresses were decreased with respect to vibration whether it was applied during welding or after the joint was made. It was observed that the applied stress effected the grain growth process in the weld. As a result the hardness of the material was increased by 25 per cent. In another research work, Munsi et al. (2001b) studied the effect of torsional vibration on residual stresses. Three types of shaft specimen were processed, namely (i) a homogeneous material shaft, (ii) a shaft was welded on a circumferential line and (ii) a spot-welded shaft. The first two types of shaft exhibited distribution in the residual stresses under the given torsional loads. On the spot-welded shafts the residual stresses were decreased significantly at a very low level of vibration. Furthermore, Munsi et al. (2001c) studied on welded specimens that were processed after being cooled to room temperature, with varying amplitude of given stress and vibration period. An increase in the applied stress led to a significant decrease in the residual stresses. The influence of time of vibration was observed to be very small for a lower range of applied stresses (< 230 MPa); an increase in the period of vibration had no effect on residual stresses. At higher applied stresses (> 230 MPa), the residual stresses were redistributed with increasing time period of vibration. It is shown that the energy concept of the vibratory stress relief mechanism was not validated. Munsi et al. (2000) studied to investigate the use of vibration to reduce the residual stress coming from the welding. Butt weld joints were subjected to vibration immediately after welding. During the specimens were cooling, vibration was given to them over a specific range of temperatures. Three batches of specimens processed in three regions of temperatures. The residual stresses were measured using an automated scanning X-ray diffractometer which given the completed data over the area close to the weld and in the heat-affected zone. The residual stresses were changed with an increase at some given stress-temperature combinations and a decrement in others. With a suitable choice of vibratory treatment, welding stresses may be brought within desired design parameters. Munsi et al. (1999) studied the effect of rigid body motion vibration on welding residual stresses. The specimens were welded during vibrations in a rigid body motion mode. The specimens were vibrated using two different frequencies (50 Hz and 500 Hz). At the low frequency of vibration (50 Hz), small changes in the residual stresses were found and there was no particular trend. At the high frequency vibration, no significant reductions in the residual stresses in the longitudinal stresses or in the transverse direction were observed. Some initial results are presented also regarding flexural vibration effects. Rao et al. (2012) describes a dynamic solidification technology, by giving mechanical vibrations during welding process. Later analysis was carried out for mild steel pieces having 5 mm. of thick plate butt welded joints. The results exhibited from the current study pointed out that the butt welded joints fabricated with vibrations were had relatively high hardness, without any considerable loss in its ductility. Balasubramanian et al. (2011) made an attempt to reduce the hot cracking and to refine the fusion zone grains in welding of aluminium alloys through vibratory treatment. The material used for the investigation is AA7075 aluminium alloy. Vibrations applied in the frequency range of 100Hz to 2050Hz and results are compared using weld cracking tests and other characterization tests. Test results show that by applying vibratory treatment, hot cracking can be largely controlled in arc welding. Prakash et al. (2010) found the dynamic solidification effect and changes in mechanical properties under vibratory weld treatment. Welding with vibrations has the advantages of low investment, more suitable operation, lesser amount of pollution and less manufacturing time period. In vibratory welding, work piece vibrates during welding process and it mainly influences the welding 218 solidification to enhance the quality. Hsieh et al (2014) pointed out that simultaneous vibration welding gives primary δ-ferrite was refined and the morphologies of retained δ-ferrite attains discontinuous so that δ-ferrite contents reduced. The smallest content of δ-ferrite (5.5%) occurred using the eccentric circulating vibrator. The diffraction intensities were reduced and the FWHM widened with both with vibration and without vibration. A residual stress can obviously be enhanced, producing an excellent effect on stress relief at a resonant frequency. The stress relief effect with an eccentric circulating vibrator was better than that obtained using a magnetic telescopic vibrator. Varga et al. (2008) describes propylene homo-and copolymers (both random and block types) with and without beta nucleation were injection moulded and the related plaques joined by linear vibration welding. The melt flow index (MFI) of the polypropylenes was different. During vibration welding the pressure has been varied (0.5, 2 and 8 MPa). The properties of the welded plaques were determined under both static (tensile) and dynamic conditions (Charpy impact). Boonstra et al. (2006) described vibration welding of wood that has been preheated according to an industrial two-step process indicates that such wood can be welded and can yield welded joints of good strength. The joint strength is; however, markedly lower than obtained when welding non-heat-treated timber. In general, weld strength of the timber is poor if welding is done on hydro thermolyzed wood. The strength results are instead much better if welding is done at the end of the complete heat treatment process, i.e., after the dry heat step in weldlines obtained after hydro thermolysis an increase in rigidity and brittleness of the wood cells is observed. Hence, the wood cells are not entangled at all or very little. Mostafapour et al. (2013) described the technique to improve the mechanical properties of weld and it is the application of mechanical vibration to the molten pool. In this article, the effect of vibrating the part during welding on the mechanical properties of steel plates has been investigated in the tungsten inert gas (TIG) welding process. The plate is made of stainless steel 304 with 2 mm in thickness. A filler material has also been used for welding so that the effect of vibration can be observed on the weld pool region. The experimental tests have been performed under different welding conditions with respect to voltage, current, welding speed, vibrations amplitude, and frequency. Then, the resultant mechanical properties of the tested parts were measured. Kinugawa et al. (1992) proposed weld metal zone composed of two or more weld metals with different creep properties approach to produce welded joints with well balanced performance in terms of creep lifetime and ductility. Type 304 steel was welded by depositing a 308L and/or a 308 wire. The resulting weld metal zones are composed of a 'soft' weld metal with high ductility and 0-to-100 vol. % of a 'hard' one with an extended creep lifetime but low ductility. The creep tests suggest that the creep behaviour of a welded joint may be controlled to obtain an optimum balance between its time-to-rupture and elongation. Węglowska et al. (2012) studied to determine the influence of the welding conditions on the quality of vibration welded joints. The quality assessment was done on the base of tensile tests and microscopy examination, conducted on light microscopy and scanning electron microscopy (SEM). Results of the tensile test indicated that it is possible to achieve good quality of joints at the proper welding conditions. The light microscopy examination showed that the welding parameters influence the orientation of the glass fibres in the weld zone, on the continuity of the material in the weld and on the thickness of the weld. The results of the SEM indicated that the vibration welded joint is formed as a result of joining of the matrixes of two welded nylons. Jandali (2005) presented experimental results of vibration welding of a continuous fibre GMT composite of E-glass glass fibre reinforced polypropylene. Vibration welding parameters investigated were vibration time, clamping pressure and vibration amplitude. The effects of these parameters on penetration and lap shear strength of the composite were determined. It was shown that clamping pressure and vibration time should be properly selected to optimize the lap shear strength. Temperature measurements made during vibration welding showed the importance of these two parameters on the interface temperature required for proper vibration welding. Bates et al. (2004) studied the vibration welding of an industrial air intake manifold (AIM) made from nylon 66, nylon 6 and polypropylene all reinforced with 30% glass fibres. The meltdown-time profiles were measured and compared to those of simple lab-scale butt weld assemblies. The experimental results indicated that the meltdown rate of the manifold was controlled by the slower rate of transverse welding. The burst strengths of these aims at various welding conditions were also investigated. Results of finite element analysis indicated that the highest Von-mises stresses and the maximum normal principle stresses at the weld region of the AIM were comparable to the weld strength of corresponding lab-scale coupons, confirming that the initial failure occurred in the weld region. Xu et al. (2007) studied on the effect of mechanical vibration on the toughness of the welded joint analysed from the point of view of fracture mechanics. The results indicate that the fracture toughness of the weld is obviously higher than that of HAZ (Heat-affected zone) and the CTOD (Crack tip opening displacement) value of the weld and HAZ under V-SAW condition is greater than that under N-SAW condition. And the difference in different regions of the welded joint is evidently reduced by applying V-SAW. Thereby, the fracture toughness is uniform. From fractography, it can be seen that the dimple density of the weld under V-SAW condition is greater than that under N-SAW condition. And HAZ is a weak region in welded joint. Lu et al. (2006) investigated on the vibratory welding conditioning process in the electro-slag welding of blast furnace steel. The metallographs shows that a refined joint is produced. The residual stress, side bend property, tension and impact tests are carried out in different vibratory conditions (0 g, 0.3 g and 0.6 g). The results of the test have fully proved that vibratory conditioning technology can effectively reduce residual stress and improve the comprehensive properties of weld joints. Rao et al. (2005) studied on the cyclic strain and stress of 304L stainless steel welded specimens on material testing system. To simulate the vibratory stress relief (VSR) processing, the tensile-compress cyclic loading was applied. The experimental results showed that the dynamic strain has feature of cyclic creep. Cyclic loading affected the creep and creep speed. The bigger the loading, the bigger the creep and the creep speed, and the longer time that the strain became stable. The residual stresses at weld toe were measured using X-ray diffraction method after different cyclic stress amplitude. According to the experimental results, the cyclic creep mechanism during VSR processing was presented. Zhu et al. (2004) studied on vibratory conditioning technology (VCT) which was used in the routine electro-slag welding (ESW) for the first time. Three kinds of vibration accelerations: 0.3 g and 0.6 g were exerted on the weld position respectively. The test results show VCT can improve the side bend properties of weld joint of the steel used for blast furnace greatly. The qualification rate of 0.6 g reached 100%. From metallograph, VCT can refine the grain effectively. The effect of grain refinement is more obvious as the acceleration of vibration is increasing. The grain refinement is one of the basic reasons for the improvement of bend property. Zhu et al. (2005) studied on vibratory conditioning technology that was used in the electro-slag welding of blast furnace steel and mechanical properties of welded joint were measured. The results have proved that vibratory conditioning technology can effectively improve the comprehensive properties of welded joints. Especially, at the 0.6 g (acceleration of gravity) vibratory state, the qualification rates of side bend performance are up to 100%. Tucker et al. (2004) studied the impact of various modifications to the existing vibration welding technology which was examined, with the objective of increasing the current achievable weld strength of glass reinforced nylon. The introduction of a secondary vibratory motion perpendicular to the weld plane during welding resulted in strengths 20% higher than those of samples welded using the standard vibration welding process. Rao et al. (2014) developed a new vibratory welding technique for inducing mechanical vibrations into the weld pool during welding process is proposed. The designed vibratory set-up produces the required vibrations at frequency with the amplitude and acceleration in terms of voltages. An increase in the flexural strength, impact strength, ultimate tensile strength, and hardness of the weld pieces at the HAZ is observed. The increase in mechanical proper-ties is because of the formation of refined microstructure during the weld pool solidification. This mechanism is responsible for the improvement in flexural strength, ultimate tensile strength, impact strength, and hardness of welded joints. From the experimental results, it is clear that the mechanical properties are improved consider-ably with the increase in the acceleration and amplitude of the specimens. Mechanical properties are improved with rise in the input voltage and vibration period. But these properties are not maintaining certain relation 220 with the welding parameters. Rao et al. (2015) proved that the impact strength of the welded joints prepared under the influence of mechanical vibrations is found to be more compared to welded joints prepared without vibration. This is attributed to, as the weld pool solidifies, grains are not only limited in size but also dendrites are broken up before they grow large in size. The microstructure of the weld metal is observed to be improved. Therefore the Impact strength is improved in welded joints prepared under the influence of vibration compared to without vibration. Further, the Impact strength of welded joint has also been increased with respect to the increase in the voltage input to the vibromotor. There is also an improvement in the Impact strength with the increase in the acceleration and amplitude of the specimens. Rao et al. (2015) described the major factors which influence the residual stresses due to welding with and without vibration. The residual stresses before and after welding has been affected, because of the geometry of the parts to be joined and restraint due to fixing welded parts in jigs and fixtures etc. Till computer-integrated manufacturing and operation becomes a reality, analysis of the whole history of the welded joints and its component materials, the determination of residual stresses in real welded structures will remain an inexact science. Post-weld vibratory treatment does not make any significant difference in the crystal structures as far as optical microscopy is concerned. Grain refinement occurs, hardness and tensile strength increases in the amplitude, acceleration, frequency of vibrated specimens. The increase of all these properties may be related to the orientation of the crystals. Rao et al. (2015) found that the flexural strength of the welded joints produced with mechanical vibrations is observed to be more compared to welded joints prepared without vibration. This is attributed to, as the weld pool solidifies, grains are not only limited in size but also dendrites are broken up before they grow large in size. The microstructure of the weld metal is observed to be improved. Therefore the Flexural strength is improved in welded joints prepared with vibration compared to without vibration. Further, the Flexural strength of welded joint has also been increased with respect to the increase in the voltage input to the vibromotor. There is also an improvement in the Flexural strength with the increase in the acceleration and amplitude of the specimens. Ramakrishna et al. (2012) found that the tensile strength of the welded joints prepared under the influence of mechanical vibrations is found to be more compared to welded joints prepared without vibration. This is attributed to, as the weld pool solidifies, grains are not only limited in size but also dendrites are broken up before they grow large in size. The microstructure of the weld metal is observed to be improved. Therefore the tensile strength and hardness are improved in welded joints prepared under the influence of vibration compared to without vibration. Further, the tensile strength of welded joint has also been increased with respect to the increase in the voltage input to the vibromotor. There is also an improvement in the tensile strength with the increase in the acceleration and amplitude of the specimens. Ramakrishna et al. (2013) proposed a new method for reduction of residual stresses vibrational load during welding is proposed. The proposed method is examined experimentally for some conditions. Two thin plates are supported on the supporting device and butt welded. By doing the experimentation the natural frequency was found by using at 70Hz, 80Hz, and 84Hz. For these frequencies residual stresses greatly reduced at natural frequency of 84Hz. Second-side welding process were performed for which the residual stress slightly increased from 77MPa to 78MPa. In this work welding of FEM was performed for mild steel IS2062 by using thermal and structural analysis to find out the residual stresses. The residual stresses were found by using Finite Element software for mild steel IS2062 is 118MPa. Hence residual stresses can be greatly reduced by maintaining frequency of forced vibration nearer to the natural frequency of the specimen. Rao et al. (2012 Rao et al. ( , 2013a Rao et al. ( ,b, 2014a Rao et al. ( ,b, 2015a Rao et al. ( ,b,c, 2016 Rao et al. ( & 2017a , Kalpana et al. (2013 Kalpana et al. ( ,2016 , . Suresh et al. (2017) proposed dynamic solidification technique during welding has been proposed to prompt the mechanical vibrations during welding of butt welded joints. It was presumed that butt welded joints arranged under vibratory conditions had high hardness with no loss of its ductility. Authors utilized the vibratory setup to affect the mechanical vibrations to the weld pool amid welding. Because of vibratory welding process, change of mechanical properties has been observed. It was inferred that the refined microstructure component was in charge of the change of impact strength, tensile strength, flexural strength and hardness of butt welded joints of mild steel plates. Authors observed that post weld vibratory treatment will not influence the crystal structure, the increase in all properties are related to the crystal structure only. Finally, General regression neural network technique (GRNN) based tool has been developed for estimating impact strength and hardness for given input parameters. GRNN is a proven prediction tool applied for various manufacturing applications including welding.
Conclusions
After careful review of past literature, vibratory assisted welding is best suited to overcome the drawbacks in PWHT, pulsed current welding and hybrid welding to improve the mechanical properties of weldments. Although PWHT, pulsed current welding and hybrid welding are used widely in practice, but they have certain drawbacks. For instance, Post Weld Heat treatment (PWHT) requires special tools and consumes more time, when compared with the remaining methods. High pulsed current reduce mechanical properties of welded joints compared to low pulsed current. If the thickness of sheets is increased, mechanical properties have been reduced in pulsed current welding. However, in hybrid welding, a large number of parameters should be carefully adjusted; otherwise this may lead to reduce the strength of the joint. To overcome the above drawbacks, a vibratory assisted welding widely used to improve the mechanical properties of welded joints. Finally, this paper concludes that the most of the researchers concentrated on the reduction of residual stresses and improvement in mechanical properties of welded joints using the vibratory system. Grain size and phase changes with respect to vibration parameters during welding in the presence of vibratory condition have not been studied as well. Dissimilar welding may also be attempted using vibratory assisted welding. The combined effect of welding parameters and vibratory parameters may also be studied.
